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1 7 2 7 6 1ST 

This invention relates to i method of constructing 
a hollow, clerical curved ehoil-type body capable of reels t- 
in ff external pressures and to the body oo made. 

Hollow bodies capable of withstanding extremely 
high external rrcasures are in greet denand for eceanographlo 
• v«rlou 8 other types of underwater research and explora- 
tion, and to serve oo the load-carrying envelopes for under- 
water a true tures, as vehicles for men end/or- instruments, 
or as buoyant elements for attachment to underwater veesols. 

It is known to make such Vessele of a solid, 
Integral metal shell and such shells have well-known-'euperior 
strength characteristics and realstance to buckling under the 
tremendous compressive stresses to which they are subjected 
at great depths below the surface of the water. Uetallie 
vessels, however, arc disadvantageous la that their etrength- 
to-weight radio ia relatively low, while their weight-to- 
displaceaent ratio la relatively high. 

According to the present invention, there li pro- 
vided a method of constructing a hollow, spherical body com- " 
prising the steps of preparing a number of sheets of thermo- 
setting reain, reinforced with filamenta having a deeired or 
selected modulus of elaatlcity, the filamenta extending from 
one major planar eurface of the sheet to an. opposite major 
planar surface of the sheet substantially normal to the 
surfeeee thereof, the method comprising cutting elements from 
one or more sheets and aseembling the elementa into the form 
of a apherical body with the filaments aligned eubatantially 
radislly of tne body, cnaracterlxed in that a number of ele- 
ments sre adhered to a backing sheet with the filaments normal 
to the plane of the backing sheet, the desired. number of back- 

2 42*478 



l'ng sheets nth elements tAH&J £j*lyplic& to a mandrel 
having a epherioel or part-epheriesl surface to torn . a . spher- 
ical etruoture thereon, the backing sheet beina on the side 
adjacent to the mandrel, any spaces betoeen adjacent elements 
are filled with uncured resin, and the etruoture is then sub- 
jected to a curing treatment for any uncured resin* 
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rtiaplac.mont. It i, c Ulo of 'with-tonUin* eternal 
praaaurc, and e ,n b« to w U h.Ot«lid prooouro. Of up to 

thoneonda of pound* ,,or « w .« r » inch, tho limiting prea.ure 
bo<n« determined to n 1«r„a d»,ree by th. aoduluo of 

-l«-tleity of tl„. motarlol. d . . S „ eh ft bwdy la t , |uj| 

w...i t H.iitfd for undarwntor tiao. 

Th. body ..aa tl.o f..r,j,n r n.lvnnto S . ovor tho previously 
Know, motellic v,„,„ u.nt lt -0 „ „ t ronulr( , ^ 
cap. or fitting to ««e«, to tho interior/and eon b. 

locally opona.i and cloaed na well o. ropoirod by tho romor.l 
and rcploeoment of rolntiv.ly amnll well , aetlon . without 
impairing vetsael atreiigth. 

Preferred methods according to tho invention will now 
be daacribod in detail, by way of example, with reference to 
tho accompanying draw in- a in which |- 

Fi 3 .l i« « p»r»p« }6 ».ivp illuatrntion of o preferred 
r-dioi.fii„ wcnt „ ph „ re con3trllcten ot two M . Bt - 1#l hcmlj|phcrwo 

fi*.2.io o fragmentary vortical oection through the 
ophoro uliown in fig. if 

PI*. 3 1. « peropoetivo olovotional view of the boeie 
-tr..ot«r»l membor employed in lar S . „„„bero in th. m.nufectur. 
of tho aphoro uliown in Mfla.l onrt 2{ 

rig.* 1 " « «i«<lar view of tho oold member oo modified. 
Prior to „. e m tho actual build-.. of tJ „ h *mi.pher..| 

Fi C -5 i» a pl„„ vt"« of r.he membar ahnwn i„ Pi,./, 
ond illu.trotoa o furthor otruct.-rol modifiootion thereof • 
which^ia ofrectoo „rtor to tho hami.ph,r«-b,,tldih* operation, 

*i*.h ia »„ -leva tional viow of o partly built-up 
homloph.ro which whon competed ia to b. uaod 1„ mnXln* th . 
aphoro of Pig.l, 

Fig.ba i. a fragmentary dia.tramm.tic illuatrotion of the 
manner of butldin* of tha hemisphere ohown in Pi,.6 from t ho 
structural mombero of Ki s ,5p 
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*tg. 7 la a dia C raamaAcSllusVration of the effect of 
atreee.e on « unidirectional or parallel-mi.* 
member of the type amployed l a tho body according to the 
preeont Invention; 

Wg. 8 la a p.rapeotiv. illuatration of another preferred 
ophara constructed of two identical heml.pheraa, 

9 ia a plan view of a built-up intermediate atruotural 
member e n p Xo y 00 in building up the hemispheres uaed la 
constructing the ephera shown i„ y ig . 8 ; 

M«. 9a la a eoaewhat enlarged perspective illustration 
of the atarting atructural member enpioyed in building up 
the intermediate member shown in Fig. g ; 

10 ia a aide elevational view of the .aid intermediate 
a»noer, taken along the line 10-10 in fi e . 9. 

Pige. U and 12 are acheaatlc elevational viewe of a 
*e»iepherioal mandrel and illuatrate the firat two otapa in 
a further preferred method of building a radial-filament 
heal sphere; 

M«. 13 ia a sectional view taken along the li», i >13 
ia Fig. 12; 

Wg. 14 ie an elevational view of the mandrel, similar 
to Wg. 12. and illuetratee the next step of the said method,.' 

*lg. 15 le an elevational view of the mandrel, seen 
at an angle 0/ 4 5 <> to the plane of Pig. 14 , aaa u lu8 t rates 
.. further atepa of thle method. 

Wg. 16 ia a fragmentary diagrammatic illustration of 
a radial-filament ephere ahell and Uluatratea on. of the 
advantages of bodi.. produced in accordance with the pre.ent . 
invention; and 

*ig. 16a ia a simUar viaw of a conventional filament- 
wound sphere ahell and Uluatratea one of the diaadvantagea . .. 
of suoh a oonstruotion. 
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it hao been found ti..; whfen a tAree~dlmensional structure 
composed of a ourod thermosetting reain matrix having embedded 
therein a multiplicity of parallel unidirectional filament* 
ia subjected to bi-directional compressive stresses normal to 
tho filament orientation, the filament* are etreeeed in tension. 
~!Us ; 3 diagrammatically illustrated in Fig. 7 wherein B 
\;iotea a rectangularly prismatic atrueture, composed of a 
cured resin matrix having embedded therein a great number 
of filaments (not shown) all orlontod parallel to eaoh other 
in the direction of the double-headed arrow 7, and subjeoted 
to balanced compressive stresses <r 'and ^"which are 
perpendicular both to each other and to the filament direction* 
Under such conditions, the filaments afo stressed in tension 
as indicated by the arrows I, 

In a hollow spherical veseel subjscted to external 
hydrostatic pressuro over its entirs surface, the external 
pressure is opposed by balanced circumferential stresses in 
the wall of the vsssel, and any given element of such a body 
can thus be considered as being subjected to two perpendicular 
oompresslve stresses, both essentially parallel to the surfaos. 
Ths general equation for the oiroumferentiai stress in a 
spherical shsll under external hydroetatio pressure ia' 
(1) Pr 

where P ia the unit pressure, r is the mean radius of the 
sphsre, and t is the wall thickness of the shell* If, now, 
eaoh ouch eleaont of the sholl body la oomposed of a 
unidirectional-filament slab in which all the individual fibres 
are oriented substantially radially of the sphsre and thus 
normal to ths plane of application of the compressive stresses, 
ths fibrss in each element of the shell body will be stressed 
in tension* Thus, no buckling of the filaments oan oocur, 

which obviates ths requirement of a high degree of atraightness 
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in th. m r .. M a .mctVvAL?/g 9upport b , tt . reel|u Jt 

-ill .. readil, record that thia i. precio.Jy oppo.if - 
tP th. .ituatloa .xi.ti» e in oonv.nticaal maa.at-wound . ^ 
ap*er.., wh.r. traaBVe „ e buekUns ftf fllaa8at wi|)dij ^ ^ 
r..iat.d oaly by th8 uteral 8up?ort pronaod ^ ^ 

It caa be .hown that the critical pr ...ur. P e for the 
buoklla, of a . P h.rical .hell or wall thicto... t and radiu. £ 

K i. th. iodulu. 0 r ele.tlcity, V i. Pcieeoa-. ratio 
4 1. an epical* det. rainable nuwloal 0WJ8taRt> ^ 
eub B e rg enc. v.3.. X . arc al8ft eeneralljr characterlMa 
of a.rit » which i. defied b y th. relatioa 



whcr. . i. the „ei S ht of the vcaael, and D is the w.i 8ht or 
th. water dl8placo<J thorcb/ . pQr a el7ao vaiua ef ^ ^ 

precur. r.r buCclia,, th. q uantit y w/*, wbleb ls tha „. . 
di.plac OT .at ratio, i. r.iat.d to the aatur. or the aat.rial or 
which th. v..,* l9 ^ by tbe prepox>tleaallty< 

where ^ ia tb . denolty of thft f an „ ^ 

ca abllit, ror the ...a.i. and rroa . q uatioa (1, that th. wall 

■1 thlCkae " 5 ' b0uW b « P«portioa to th. radiu. or 

th. ,.... lf a<) tbat „. a .. la Qf fllffwat BiMa ^ ^ 

eao© preaaura capability. 

™. h.«.r w/w M>ijut ^ ^ 
•««u. S , which „,„,„ ma tUoto ^ 
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17 27 6 167 

of the present invention thus entail, the u.. of unidirectional 
flbr. and re.l„ building ffllea ont. having an optimally low value 
°' * 4 ^creaaee ae E increa..., X l» thle case 

>Mns the tranevere. modulus of ola.ticity of the .l.»ent (i.e. 
' - aclulue perpendicular to the filament direction). It i. 
, .-^rred to e.ploy both reein and fibre component, of high 
*odulu., einoe both contribute to the traneveree aodulue of the 
composite element. a.verthole.s, it will be underotood that 
other factore, e.g. pcrmissibl. density, wei8ht , etc . \ aay pU<# 
U-itation, on the choice of rosin and/or fibre for the eleaente. 

Borely by way of cxaopie, we hay found that excellent 
result, are achieved by using claa3 filament. (having a aodulue 
of elaetioity in the range of about 10,000,000 to 12,500,000 pel) 
as the fibre coaponent i„ a resin aatrix coape.ed of an epoxy 
rcein eyatea narkoted by Minnesota Mining and Manufacturing 
Coapany under the designation -1009- (having a modulus of about 
430,000 pel). Alternatively, the fibre component of the building 
element. ^ lnclude a3bc3tM mrc8 ^ ^ ^ ^ 

*bout 24,000.000 to 25,000,000 pel), boron ttUmnU 
in the range of about 50,000,000 to 60.000.000 pel), carbon • 
filaments (aodulue in the range of about 20,000,000 to 70,000,000 
P.O. sapphire whiskers, tungsten whiskers, etc. The reain 
component may he an opoxy reein such as any of those marketed 
by Ohion Carbide Corporation under the designation. -HO-2256- 
Uodulu. about 550,000 psi), -SHBA-OJOO- (modulus about 720,000 
P»i) and ( aodulU9 ao<mt ^ ^ ^ ^ ^ ^ 

other suen resins, and various other synthetic resin, such a. 
Phenolic reein, melamine reein and the maleio alkyd/atyrene 
copolymer typee of polyeoter reein., characterised by relatively 
low value, of C ju . we have found, for example, that an el.rn.nt 

7L" TZ 18 7 *" C0BP09ftd " M -trlx 
(Minae.ota Mining and Manufacturing Company, typ. -1009") 
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having embedded thoreinVdfli'reWonal filaments of "S- glass 

(77* of the total volume) can withstand balanced oompre.aire 

•*r»«ea of 165,000 psl in each of the o"' and <r» 
. dlreotlone. 

Wgo. 1 and 2 show a hollow ephere 25 constructed of two 
hemisphere. 25a and 2 5 b each built up la accordance with the 
present invention. The method her. employed, which we tern the 
-iune- method, uses as the starting material a procured unidir- 
ectional eheet composed of a resin matrix, e.g. .poxy reoin, 
and glaes or other filament, embedded therein, the filaments 
extending parallel to each other and to the wide faces of the 
oheet. The sheet is first severed into a plurality of thin 
•trip. 26 (Wg.3), the direction of cutting being perpendicular 
to both the direction of the filaments and the plane of the 
ahoet. lach strip 26 thus has a multitude of short, closely 
packed filament lengths extending perpendicularly to its 
wider faces, as indicated dia C ra«matically at 26a. The 
thiekn... of the strips 26 will, of course, depend on th. intended 
structural and strsngth characteristics of th. sphere to bo 
constructed. 

Saoh strip 26 is then out into a section 27 having the 
ehap. of a half-lun. (Fig. 4), and an adhesive tope 28 having 
a pressure-seneitive adhesive on each face thereof is applied 
to on. face of each half-lunate ssotlon 27. As the' final prep- 
aratory step, each balf-iunit. section 27 is out into Olementa 
27j| in a rectangular grid pattern (Mg. 5), severing it to, 
but not through, the adhesive tape backing. Th. elements 27a 
thus r.aain adhered to the backing tape, and the assembly thereby ' 
ha. a two-dimensional formability, i... the ability to bond 
ooth longitudinally and transversely. 

The manner in which the various half-lunate section. 27 
are built up into the form of a hemisphere 25a (or 25b) is 
' 9 424,478 



beet 8h0w „ ln Plcs . 6 JJr£7$J* 

thi. „ ~ HUlpaaat required f ow 

this operation 1« o deotrueMhi,. v »q»*rea for 

a,~e outer di JT C ' " " 

mvolveo ^ 0l "«f»— t. ft. buUd^ 

nvoxveo laying the Individual h«lf-ii».*«. 
li -wuirel with the,, """-lunate eeotione onto 

- -^^rcsr-r 

It ehould be understood tw « »«,drel. 

«noorstoed tbit i a actual practloe it will 
preferable to use half i, » U 09 

-hen tbev , '" >Ctl0n8 27 * 8UCh 

h8B th,Jr are adn ««d to the aandrel thai* <„ 

located .lightly bel« ^ ftndB 

■lightly below the mandrel "equator" to* fi 

..... »Z, M 0 ; o l ' T * flu * to • 

by Shell on "xasiple that narketed • 

aeeeobied ephere i. then a C aia wbleoted t« 
*o aet the adbeeivo. *° & ^ ° pSritl<>a 
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?or a radui-n^ent apher. of thia type, baring a 3-inch 
inner diaaeter, we hava found a wall thlckneea of 0.180 inch •" 
(tha component etripa being tranaveraoly out to that thlckneea 
from a » inch thick unidirectional ahaat of epoxy-bonded glaee 
filamenta obtained from tha Kinneeota Mining and Manufacturing 
Company and available in varioua tbickneaeea) to ba aufficient 
to provide a collapoa proaaure in exoeea of 13,000 poi at a 
»Bight-to-dieplac.aent ratio of 0.53. A comparable filaaent- 
wound and internal rins-otirfened conetruction having a collapoe 
Pre.,«ra of U ,6O0 pai i ? found to hava a weight-to-dieplacc- 
»e»t ratio of 0.62, the increaeo of about 17* in weight re- 
preaentias a corrcapondin.:ly reduced payload capability. 

A aoaewhat diffaront method, herein termed the "V3 octant- 
aethod, of building a radial-filament aphore from unidirectional 
ream and filament shcote ia illuotrated in Wg 9 . 8 to 10. 
A3 before, a aphcro JO (7i s . 8 ) aay be conatructed by Joining 
two identical hosiophorca 30a and 3 0b. Bach teaiaphere la, 
bow.ver, cade up of four quadrant aactoro 31. aach of nhicn ia 
an octant of a apbero, and aach quadrant of the faeoiaphore la 
-ad. up of three aubota„tially identical, four-aided, eph.rioally 
curved aaotiona 32 (ace alao Figa. 9 and 10) aach having a 
one-third octant ahape the area and oontoura of which can ba 
•aaily calculated from known eeoaetrical oonaldarationa. 

Ae the firat atap of the prefarred hemiaphere-building 
method according to thia aapect of tha preaent invention, a 
nuabar of elongated >lanar atripe 33 <*ig. 9 a> eomewhat greater 
than the number required for the on.-tbird octant .action 32 
to ba foraed are aaeenblad in aide-by-aida relation and 
olaapad together againat a flat eurface, with the florae 
oriented normal to .aid .urface. a thin aheet 34 of rubber or 
other flexible material capable of being formed aaoothly over 
a doubly ourved .urfaoe 1. then cemented to the entire expoaed 
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race or this ... MMjr at?i?M ie a.senbled atrip, are 
than cut tranavaraaly to their U».-. * Juaotura# Aom u ^ 
net through th. flexible oh eet M> Paaultlas lft ^ ^ 
or • relative* la, 6 . nu »b.r of aoall alea , at9 ^ ^ ^ 
ce*,nt.d only to the rubber sheet but aot to each other. Thi, 

*. then laid onto a 3 ?herl0alljr ourvea mUnl of proper 
rvliu. (with the ahaot 3 4 acainat the „a„drel aurface) and 
ie impregnated with c ? oxy reain to fill the nuaerou. 
ee.entially v-ahap.d cracka between the electa. After the 
resin filling i. cured, the oectioo i. cleaned of the .heat 
backing and exceaa reain, and cut and triced to the exact 
contoure of a one-third octant a. ahown in Wg. o. Ihra . 
e«eh cured aecMoae 32 are then aa.e.bled on a he.iaph.rioal 
oandrel and fitted together to conetitut. an octant 3 l of th. 
sphere, and epo v reain i. applied to the aating or. abutting 
ourfaoee of the eectiona and cured to coaplet. the octant. 
Pour auch octant., pr0 pcrV triced, are aa.e.bled on a .ph.rical 
-andrel, and epoxy reein i. applied to their aating .urfac.a 
a*d eured, to ceapiet. the bciapher. ( 3 0a or JOb). Two auch 
heai.phere. ar. thereafter equatorial* joined aa before b 7 
an epoxy re.in bond to eoapleto the .phere. 

Yet another preferred aethod of building a hollow .phere 
according to the pre.ent invention in iliuatrated in Wga. X1 
to 15. m thi. aethod, herein termed the -.trip- aethod, .lon- 
ged .tri ? . 35 of unidirectional eleaent. ere .aployed, each 
atrip eonaiating of an end-to-end arrangeaent of a nuaber of 
»uch el.aente adhered at one face to a double-faced, pre.aur. 
een.itlv. adh.aive tape 3 7 (elailar to the tap. 28 'ahown in • 
«aa. 2, 4 and 6). The fi laaont8 ara , aa ..^ porpoadlCular 
to the tape backing. The aothou involve. fiP8t forBlng ^ 
equatorial region, one or core atrlpa i a width, along the 
"equator- of the epherical aandrel 29 <Fig. u), tha 8trlp0 35 
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b.H* -cured to the Ji&ZtVS. ^. ^ ^ ^ 

.trip. 35 a ar. l^d al<^ a TO t ^ aCMM 

th. -pol.- or the mandrel, Jolalajt ^ ^^^^ 
..etion. or th. uppermost ed<e or to. tcp»« ^ 

*" th ' n ° nto «• «-«2. spaced 80° rr^ .trf,. ^ 
and exteadin* fxc opposite side, of polar trip. 35* to 
1*. correspond!** diaa a trails oppooed sect!.*. oZ th. ^ 
od«e or th. topaost equatorial eon. 35 (W«.l*>. « ^ 
ota«., thexerore, then, am .tin op „ r<Mr 9gtmgJ ^ as 
triea*,^ sections or the hyphen,. Zhas. axe the. 
m proexeeei^ b, appx,^ strlp , ^ ^ 

cut to stable shape .here the, ae.t comer* aT th. 
trian«i... it t. M ai„ B0 t. a that to act^l ^ 
l~.ruo.t .trip 35 -ill P«re«h^ ^ ^ 

'equator- or th. aandrei 29. AXter the hmU,S*r. to. W 
collet.. to thi. .annex, the cxach. axe fa ^ 

resin a. previous!, described, and the „^ fc 

and. orter xeaoral or th. .aadx.1 «IU.^, a.**^ 

accurately In th. equatorial . , 

s rial Pl*n«. a complete »vjhar» la 

th.a rorasd. a. abor., b/ oeaeatl^ t» «ch tosrfsBaro to 
each other along their equatorial edg... ^ *** ^ 

D.3PU. Irenes In th. various aao^c*^ 
of construction, all spheres built up to aceoxte. edit* th. 
Prinolpl.. or th. present iavention . 1U pexrox,* 



or— «*HWK«aIFXaiJ[\r 

- .9U.11X ..11 under identical WlreaMllUI 
to th. ouanrication that th. pre.enc oT tto 
^-Joints or spaces boteeon adjoining . ltBortj> to ^ 

produced h 7 the -lun.-, -VJ-cfof end ^trtjp. 

construction reduces sllgbtlj the critical px« 

° h ' U - " *>• apparent, hose..*, that M 

bo filled with tapered pi.o.. of uuldlro«tl«ai 



reinforced reein cut trol 'the UfLu rial as the otW 
elementa, which pieces would be cemented i» place with the 
flare leagthe therein aleo oriented aubatantially radially 
of the sphere, whereby the aforeeaid alight decreaee in 
critical preeeure could be avoided. i„ any event, the 
ofActlveneee of all theae e^hor.e In sustaining extremely 
"' ifih ex *«'"al preaaurea etcma directly froa the radial 
orientation of the fllnmcnto which providee etrength and 
•laatic etubllity far beyond thoaa of conventional filament- 
«ou„d conetructione. stated in other worde, the radial filament 
in the body according to the preaent invention are circum- 
ferentially laotropic, i.e. they are equally effective In all 
circunferentiai direct! one, whereas in conventional filament- 
wound etructuree a given filament providee aupport primarily ' 
in a eingle direction, which makee it approximately one-half 
a. effective aa the filaaenta in the etructuree according to 
the preeent Invention. 

It should aleo be noted that the uncured unidirectional 
filament andreein material, which la uaed to make the baeio 
building elemente of the apherea, generally may be relatively 
reain-rioh (reain about 35 to 50* of the total volume) and "". 
thue hae a maximum filament content of about 65*. We have 
found it advantageous however, to uae a filament content above 
about 65* and preferably ia the range of about 75 to 90* of 
the total volume. Thle condition can be readily achieved by 
squeezing out eome of the reein from the uncured material 
prior to the curing thereof. The reaeon la that, with a higher 
filament content in the ehell wall, the ephere can with.tand 
higher external hydroatatic preaeurea. nevertheless,' the 
principlee of the preeent invention can aleo he implemented by 
using the original material of unreduced reein oontent, it 
being understood that the critical pressure rating of a sphere ' 

14 
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eo produced win b. .<».*£?• S2J 'than that of a aphere haying 
a reduced rosin content and thus an Increased fibrs content. 

As an exaa.pl. of the present invention, we have constructed 
a radial-fi lament sphere 3 inches in disaster, by the aethed 
of Mgs. 11 to 15 described herein, from spoxy resin sheet 
reinforced with flbreglaos filaments, the resin having a 
modulus of slaaticitjr of 430,000 psl and the glasa of modulus 
12,400,00 psl (supplied by Kinnooota Mining and Manufacturing 
Company under ths deelgaation 1009-29A). Ihe volume fraction 
of filaments present in the sphere was 77jC and ths sphere had 
a weigbt-to-displacement ratio (W/D) of 0.50. In actual tests, 
this sphere sustained an external hydrostatic preseure of 
25 ,000 psl without failure. 

Still further advantages of the body acoording to ths 
present invention will become evident from a consideration 
and comparison of ?ig«. 16 and 16a of ths drawings. Thus, as 
shown in Jig. 16, in a radial-filament sphsrical shell 49 it 
Is pooslbls to provide a port opening 50 with radial boundary 
surfaoe., as indicated by the broken lines 50a and 50b. Slnos • 
the filaments are substantially radially oriented, the port 
opening can be formed by cutting a segment of suitable size' 
directly out of the shell wall without Introducing any end- 
loading stresses, and without any need to provide means for 
preventing failure of the structure by eprsading or dalamlnatien 
of ths wall.' By way of contradistinction, as shown in Pig.l6a 
in a conventional filament-wound spherical shsll 51 ths provision 
of a port opening 52, even with radial boundary surfaces, 
entails cutting acroos ths filamsnts, which automatically 
introduces snd-loading stresses and makes it imperative to 
provids supporting flangss at the opening to prsvsnt failure 
by sprsading or dslamination. Prom this it will bo appreciated 
that in ths event a portion of a radial-filament aphere is 
damaged, it is possibls to rspalr the earns quits aaeily, sines 

15 42*47 8 
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It la necessary simply to cut out the damaged portion with an / 
Identical sating radial-filament »eotlon which can bo oemented 
in plaoe to repair the shell without lose of strength. It will . 
be equally evident that thle type of repair la impossible in 
a conventional filament-wound shell since the severed filaments 
: 4 «ho damaged area cannot be reconnected* 
Yot another advantage of the body of the present Invention 
is that a sphere of this type need not be provided with polar 
end fittings or caps to provide aooees to the Interior of 
the sphere. Especially where the sphere Is initially constructed 
of two identical hemispheres. It Is possible to Insert the 
pay load, e.g. the instruments and/or other materials , Into 
one of the hemispheres prior to the cementing thereof to the 
other hemisphere for completion of the sphere, whereby the 
entire Interior of the sphere is available for pay load. Thlm 
is essentially Impossible in a filament-wound, sphere which a*s <• 
all times requires the provision of generally metal polar caps . 
or fittings to provide access to the interior of the sphere/ 
and since a filament-wound sphere dan only bs fox*el as am 
entity, the polar openings therein must of necessity be relatively 
small, limiting the degree of aooess obtainable and oonccoltantly 
limiting the sizes and character of instruments which can be 
Inserted into the sphere to width dimensions less than the ■ • 
diameter of such openings. In addition, the need for metal . 
polar fittings in a filament-wound sphere. Increases its weight- 
to-displacement ratio which, as previously mentioned, decreases 
its pay load capability in corresponding degree. 
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A notbod of oenotrootlag a hollow, •phcrleal body 
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IA aethod according to claia 1 in which the booking 
eheot ie applied to the aheot material before this is 
cut into elemanta* 

3 a nethod according to claia 1 or olaim 2 in whioh the 
*V-;.vnta are fonaed by cutting tba aheat material ia a 
rectangular grid pattern. 

* A aathod according to any one of the preceding elaiae 
in which the ahect material ia oured before it ia cut to 
form the element*. 

£ A method according to any one of the preceding olaiae 
in which the backing sheet in a double-faced preaauro- 
aonaltlve adhesive tape, 

^A method according to any one of claia8 1 to 4 in 
which the backing aheet ia a sheet of flexible material 
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7 * B ' thod a «ordi nc to any on of tha 
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to for© a serioo of elements adhering to the baoking 
sheet, and a hemisphere is built up on a spherioal 
mundrel by first applying at least one strip to the 
mandrel as an equatorial band, then at least one strip 
over the pole of the mandrel from one edge to the 
diametrically oppooite edge of the equatorial band, 
then at leaet one atrip on each side of the polar band 
extending transversely thereto to the edge of the equa- 
torial band, and finally angularly direoted strips within 
each of the epherical triangles previously defined oh 
the mandrel surface until the triangles are completely 
filled. 

11. A hollow spherically curved shell-type body 

constructed by a method according to any one of the 
preceding claims. 
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